Abstract. Certain treatments done to binary CdS, such as incorporating Ni onto CdS produces ternary thin films may cause major optical parameters that have a number of applications including for solar cell device fabrication. In this paper, we report on the effect of surface passivation on the band gap and other related optical properties of CdNiS thin films. Thin films for Cd x Ni 1-x S were prepared on glass substrates by chemical solution method. Effects of surface passivation and variation of the volume of nickel ions on the optical properties CdS hence obtaining Cd x Ni 1-x S thin films was investigated. It was observed that the thin films hard an average Transmittance above 68 %, with reflectance below 25 % across UV-VIS-NIR region. A plot of (αhν) 2 versus hν gave energy band gap between 2.55-3.49 eV for as-grown samples and 2.82-3.50 eV for annealed samples. The passivated samples had band gap energy values within the range 2.85-3.12 eV. It was concluded that an increase in concentration of Cd 2+ and Ni 2+ ions in the reaction led to an increase the band gap while optical conductivity ranged between 3.78 10 11 -2.40 10 12 S -1 .
INTRODUCTION
Certain treatments done to binary CdS, such as incorporating Ni onto CdS produces ternary thin films. Such ternary thin film materials may cause major change in the optical parameters that may have a number of optoelectronic applications. It may have a direct influence on the electrical properties of the resulting material or the modification may result into some properties useful for single hetero-junction solar cells [8, 10] and especially nickel, Ni. The concept used in this report to explain observations made in CdxNi1-xS is based on the ion-to-ion model [7, 12] . In this growth condensation of Cd +2 and S -2 that results in thin film formation. The growth of CdxNi1-xS results from the incorporation of the Ni ions in the CdS precipitate [4, 28] . Thus a thin film photovoltaic cell is made by depositing one or more thin layers of photovoltaic material on a substrate. The substrates are immersed in an alkaline solution containing the chalcogenide source, metal ion and base. A chelating agent is added to control the release of the metal ions. Here, we report on a CBD process that promotes large area deposition [24] for efficient photovoltaic cells, sensors and lasers applications [2, 6] .
MATERIAL AND METHODS
Preparation of substrates. Ordinary glass slides were used as substrates with dimensions 76.2 mm  254 mm  10 mm. Prior to use; they were soaked in a bath of acetone and then rinsed in dei-onized water after which they were degreased in dilute hydrochloric acid, rinsed in deionized water, dried and then stored in a desiccators ready to be used. Table 1 .
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Figure 1 -Chemical bath deposition Schematic diagram
Deposition was done at 0.8 M for NiCl2 and CdCl2 in the order shown in Table 2 in which 10 ml CdCl2 solution was put in 100 ml beaker and few drops of concentrated NH3 solution added. Specified volumes of NiCl2 solution were then added followed by accurately measured volumes of 1 M CH4N2S solution where the value of x varied between 1.0 and 0.5 according to the expression CdxNi1-xS. The volume of NiCl2 solution was equally varied according to the formula (1):
where Ni 2+ was the value of varying volume of NiCl2 solution; Cd 2+ was the volume of CdCl2 solution.
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The mixture was then topped to 100 °C by adding some distilled water, placed in a warm water bath at 45 °C for 1 hour. Six samples were prepared at same deposition time. NH3 solution was used as a complexion agent and a pH controller.
Substrates were inserted at an inclined angle and after deposition; they were rinsed in distilled water; dried and kept for characterization.
Some of the thin films were annealed in a tube furnace in argon atmosphere at a temperature of 250 °C for 1 hour. The films were passivated by annealing them in a nitrogen atmosphere in a tube furnace in figure 3 for 1 hour at an average temperature of 250 °C. 
RESULTS AND DISCUSSION
Elemental Composition Analysis. Qualitative results in Table 3 (sample b) shows presence of S, Rh, Ni, Cd and K in sample N5. The sample comprised of Cd, Ni and S ions with Ni appearing in trace quantity. This implies that Ni acted as an impurity in CdxNi1-xS thin films. Part of the results obtained are tabulated in Table 3 (sample a) in which S and Cd were found to be the major elements in sample N1, though this include, Si with a trace impurity which might be due to silicon internal fluorescence peak due to the photoelectric absorption of X-rays by the silicon dead layer in the detector resulting in the emission of Si K-X rays from this layer into the active volume of the detector. Figure 6a while for annealed samples slightly dropped to 36-42 % in UV region, improved to 60-67 % in VIS region and remained high at 86-88 % in NIR region in Figure 6b . Highest transmittance was at 4.3 ml of nickel concentration at about 66 % and 67 % for as-grown and annealed respectively. Transmittance dropped to 12-52 %, 55-84 % and 77-86 % for as-grown films and after annealing the films (Figure 6d ) respectively. The passivated films had a transmittance in the range 38-45 %, 58-68 % and 82-88% in UV, VIS and NIR region respectively (Figure 6e ). The increase in transmittance spectra after annealing was attributed to enhanced crystallity and packing orderliness. This was as a result of minimal number of free carriers coupling to the electric field hence reducing the reflection and causing the transmittance to be enhanced [3] . An increase in transmittance with the volume of Cd 2+ ions in the reaction bath was attributed to decrease in diffuse and multiple reflections caused by increase in grain size and in light-scattering effect [17, 26] .
Section "Technics" 3005 and Ni 2+ ions increased from 0.01 M to 0.8 M and this was attributed to increased free carriers coupling to the electric field hence increasing the reflection [20, 3, 16, 26] . Surface passivation had minimal influence on transmittance while an increase in transmitance at 4.3 ml of nickel ions was attributed to decrease in diffuse and multiple reflections caused by increase in grain size and in lightscattering effect [27] .
Films deposited at 0.01 M concentration of ions (Figure 7a ) had average reflectance range between 24-27 %, 21-30 % and 10-15 % in the UV, VIS and NIR region respectively. Annealed thin films at 0.01 M concentration (Figure 7b ) had reflectance range between 21-25 %, 21-24 % and 10-13 % in the UV, VIS and NIR region respectively. Thin films deposited at 0.8 M concentration (Figure 7d ) had the reflectance range decrease to between 6-14 %, 7-19 % and 7-12 % in the UV, VIS and NIR region respectively. Annealing had minimal influence on the reflectance spectra (Figure 7e) .
A decrease in the reflectance was attributed to increased transmittance. With low reflectance value in the VIS-NIR region, the material is best for photovoltaic devices like solar cells as a window layer as this reduces reflective loss on the cell surface [2, 6] . Passivated thin films deposited at 0.01 M concentration of Ni + ions (Figure 7c ) had average reflectance range between 19-28 %, 22-28 % and 10-16% in the UV, VIS and NIR region respectively. Surface passivation had mini-Section "Technics" 3006 mal influence on average reflectance spectra due to optical interference which a rises as a result of difference in refractive indices of the thin films and the glass substrate used which results in multiple reflections [12, 23] . The increase in the absorbance spectra with increase in the concentration of Cd 2+ and Ni 2+ ions in the reaction bath was attributed decrease in transmittance and reflectance as a result of increased photon absorption [17] . Highest value of absorption was noted at 2.5 ml doping of Ni 2+ ions and the least value at 10 ml forming films fit for window layers in p-n junction solar cell [11, 25] . There was low absorption at photon energy less than 2.5 eV and 3.75 eV at 0.01 M and 0.8 M concentrations respectively. The range of the refractive index for films deposited at 0.01 M and
Section "Technics" 3007 0.8 M ranged between 1-2 and 1-2.6 respectively. The maximum values of k and n occurred at same photon energy of 4.125 eV and these findings agree with the findings of Greenway and
Harbeke [2, 7] of average magnitude for 0  close to 10 12 S -1 and this occurs at high photon energy. The variation of α versus photon energy (Figure 8c ) gave a straight line curve indicating presence of direct optical transitions [1] in which the real part indicates how the speed of light in the material can be slowed down while the imaginary part deals with the absorption of energy by a dielectric from the electric field due to dipole motion [10] . r  and i  were obtained from Band gap variation. The band gap varied between 2.55-3.17 eV (Figure 9 ) for as deposited films while annealing the thin films narrowed the band gap as it increased with ion concentration. An increase in the band gap attributed to the Burstein-Moss effect [17] . The decrease in the band gap due to annealing was attributed to annealing which facilitates ordered packing of crystallites of molecules reducing the intermolecular defects within the material and these causes a reduction in the band gap value [19] . High band gap values ranging between 2.56 to 3.6 eV are in good agreement with results obtained by [18] and [6] . This also increases the chance that an ejected electron will meet up with a previously created hole in the material before reaching the p-n junction [9, 15] .
Section "Technics" 3008 Figure 7c show the transmittance and reflectance spectra of asgrown passivated CdxNi1-xS thin film. Surface passivation had very little influence on transmittance and reflectance spectra since the absorbance spectra ranged from 0 to 35 in the VIS-NIR region for passivated thin films and 0 % to 32.5 % for as-grown and annealed thin films. Low absorption at photon energy less than 2.5 eV for passivated thin films was noted. Values obtained for these constants for as-grown, passivated and annealed thin films were within the same range. The band gap ranges were 2.85 eV-3.12 eV for passivated, 2.56 eV-3.42 eV for asgrown and 3.12 eV-3.48 eV for annealed thin films. The band gap was also least influenced by passivation.
CONCLUSION
CdxNi1-xS thin films were grown using CBD technique. The films were found to have low reflectance value in the UV-VIS-NIR regions but low transmittance values at UV region while very high transmittance at VIS-NIR regions. The average band gap has been found to be above 2.80 eV while surface passivation was found to be negligible effect on the optical properties and band gap and thus the films were well suitable for solar cell applications. 
